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COHFIDEKTIAL 


Introduction 


The  Mjor  effort  during  the  reaelnder  of  the  period  of 
this  etudy  oontreot  Is  being  devoted  to  the  oonetruotion  of  a proto* 
type  of  tb«  healspherjo  search  deteotox*.  Sone  of  the  detaila  relat- 
ing to  the  prototype  are  deaorlbed  in  the  attached  report  (Enoloeure  1) 
of  a meeting  in  taehlngton  on  September  21,  1949 • 

An  outline  of  the  aotlvltlea  to  be  oarrled  out  during  tha 
remainder  of  the  duration  of  thla  oontreot  la  as  foil  ova i 

1«  Electronic  Design  and  Conatruction 

A.  Preampllfiera 

6,  Compreaslng  anpllflera 

C.  Synohronoua  rectifiers 

D.  Detector  pover  axipply 

E.  Pever  supply  for  the  electronlo  system 

F.  Special  amplifiers  to  drive  the  multichannel  recorders 

G.  Mechanical  coonatators 
II.  Mechanical  Design 

A.  The  chopper  for  the  PbSe  ayaten' 

B.  Capaulea  for  the  tharsiator  detector 

C.  Baaio  oaating 

D.  Spherical  mirrors 

E.  Slip  rings 

F.  Rotation  drive 

G.  Contaotor  to  indicate  aslmuth 


H.  Rindovs 
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in.  Procurement 

A.  Thermistor  deteotore 

B.  Fbfe  detectors 

C.  Wlndont 

D.  Motors 

E.  Mirrore 

F.  Selayne 

G.  Multi nhenrel  recorder 


3V.  Th-oretieal  rtudloB 

A.  A corrrLuticr.  »ind  ration  of  the  sensitivity  of 

photocondu Clive  ce!3  3s 

B.  Study  cf  tho  ••  o.-rie  equivalent  po»?er  cMalned  with  various 
geoxc tric.'jl  lector  atrip  configurations  and  with  the 
geometry  c:  At-  chopper, 

V . Keclisnical  Shop  ":o*?structjon 

A.  Iters  uidei-  II 


I.  Electronic  Design  and  Construction 


It  has  become  increasingly  apparent  that  the  major  problem 
involved  in  the  design  and  conatructlon  of  the  hemlspherio  search 
detector  lies  in  tho  electronic  field.  Work  has  been  carried  on 
aince  the  middle  of  September  on  the  electronic  design,  A report 
on  this  activity,  by  Ur.  Lincoln  Bsxter  is  attached  (Enclosure  2). 

It  will  be  noted  in  hie  report  thpt  substantially  all  of  the  atten- 
tion so  fer  has  been  given  to  the  preamplifiers  and  to  the  high  gain, 
low  noise  level,  low  frequency  comprccsing  cmplifier  (itema  A and  B). 
It  will  olso  be  noted  in  his  report  that  it  hae  been  neoesaery  to 
construct  a certain  amount  ox  additional  equipment  in  order  to  teat 
the  ampllf'iera  which  have  been  conetinicted  because  oacillatora, 
meters,  etc.  arc  not  readily  available  which  are  well  adapted  for 
operation  in  the  frequency  range  1/2  to  3 cpa.  It  la  believed  that 
the  preamplifiers  and  eempresaing  smplifier  for  the  PbSe  channel 
will  be  aimilar  in  design. 
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Information  has  been  supplied  by  Kr.  J.  R.  Flegal  of  Ball 
Telephone  Laboratories  about  tbe  various  copper  oxide  varistor  units 

i.'vtTmfaotured  by  Western  Electric.  One  of  these  vmlts  has  been  ten- 
tatively selected  for  use  in  obtaining  the  desired  compression 
characteristic  of  the  compreeelng  amplifier  (see  Enclosure  9). 

The  major  difficulties  so  far  in  the  way  of  obtaining  a 
low  noise  level  amplifier  to  operate  at  approxloiately  one  eps  have 
been  mlci^phonioa  and  flicker  effect  in  the  amplifier  tubes.  One 
way  of  eliminating  the  flicker  effect  is  to  modulate  the  signal  up 
to  s high  frequency  where  the  flicker  effect  is  much  less  prominent. 
In  order  to  exploro  these  possibilities,  visits  were  made  to  RCA 
Laboratories  and  Bell  Telephone  Laboratories  on  December  1 and  2. 
rummarlea  of  the  mattez^  discussed  at  these  meetinfs  are  attached 
as  Enclosures  3 and  4. 


II.  Mechenicsl  Design 


Since  the  middle  of  October,  e considerable  amoxint  of  design 
work  has  been  done  on  the  mechanical  aspects  of  the  hemispheric 
search  detector.  The  design  work  done  so  far  haa  been  concerned 
with  items  A,  C,  D,  E,  end  F.  Aa  a result  of  the  work  done  on  the 
mechanical  design,  a number  of  decisions  have  been  msde  as  follows} 

1.  A separste  detector  of  the  position  of  the  sun  will 
probably  be  used.  A small  lens  and  a pyotocsll  associated  with  a 
simple  amplifier  should  suffice.  This  sun  detector  will  be  used  to 
clore  shutters  over  the  entrance  pupils  of  the  optioal  syatems  when- 
ever the  sun  epproachee  a position  tihere  its  image  oould  fall  on  the 
detectors.  The  exin  shutter  elements  will  be  semicircular  in  shape 
and  the  complete  shutter  will  ceneist  of  two  of  these  elements.  The 
shutter  will  operate  Inside  of  the  sealed  optical  system  in  the  case 
of  the  PbSe  system  and  will  operate  outside  of  the  sealed  optical 
eyatem  In  the  case  of  the  therm'. stor  system. 

2.  The  slip  rings  will  be  placed  where  they  will  be  easily 
accessible. 

3.  Prallmlnary  shields  will  be  placed  about  the  amplifier 
housing  and  the  vsrlojs  motors  will  be  shielded  magnetically. 
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4.  It  waB  decided  to  use  a reflecting  epherical  mirror 
lax^  enough  only  for  the  four  channels  to  be  conetinjoted , Slnilsrly, 
the  oylindrloal  mirror  on  the  FbSe  system  will  be  large  enough  only 
for  the  fo\u*  channels* 

5.  The  asimuth  angle  will  be  indicated  on  the  recorder  by 
oontaotors  placed  to  provide  a ptilse  every  90®  of  rotation  with  a 
somewhat  longer  pulse  at  the  360®  position*  Selsyna  will  be  used 
only  as  indication  of  the  elevation  angle  and  this  indication  will 
be  dispensed  with  If  it  introduces  'Jlfflctilty. 

6.  The  obscuration  of  the  entrance  pupil  of  the  optical 
system  by  the  rotating  chopper  in  the  PbSe  system  has  been  found  to 
be  greater  than  previously  expected  because  of  the  oblique  passage 
of  the  light  which  reaches  the  edge  of  the  detecting  eleaents.  For 
this  reason  it  was  decided  that  the  use  of  a double  strip  system  in 
the  Pbfe  channel  was  out  of  the  question  and  that  a single  strip  must 
be  used*  Even  with  a single  strip,  the  obscuration  by  the  chopper 
wheel  amounts  to  about  3C  percent.  Consideration  is  being  given 

to  the  use  of  a slightly  greeter  numerical  aperture  to  offset  par- 
tially this  loss  of  light. 

7*  A dull  black  paint  will  be  applied  to  all  non-refleot- 
. leg  surfaces  inside  of  the  optical  system. 

Attention  is  called  to  the  situation  described  in  Enclosure  5 
that  the  capsules  for  the  thermistor  detector  must  be  designed  and 
constructed  by  Polaroid  Corfiorrtion, 


III . Procurement 


Conelderable  difficulty  has  been  experienced  so  fer  in  oon- 
nection  with  the  effort  to  procure  the  ther^ator  detectors  for  the 
channel  employing  these  deteotore.  A meeting  was  held  at  BTL  on 
September  30,  1949  (eee  Enclosure  5)  at  which  it  was  determined  that 
the  construotion  of  the  desired  thermistor  detector  seemed  reasonably 
straightforward.  Two  methoda  were  disouaaed  by  dhioh  the  detectors 
might  be  procviredt  (1)  A task  order  on  the  existing  contract  (ROba-2440) 
between  the  Bureau  of  Ships  and  (.estem  Electric . (2)  negotiation 

of  a oontrmot  between  Weetem  Electric  and  Polaroid.  In  a letter 
from  the  Bureau  of  Ships  dated  October  10,  1949,  it  was  atated  that 
the  first  method  was  out  of  the  question  because  of  limitation  of 
funda  available  xuider  Contract  DOba-2440. 

Acoordin^y,  a meeting  was  held  with  offloials  of  the 
Ifeetern  Eleotrlo  Company  in  New  York  on  October  14  (Enclosure  6) . 

During  ttiia  meeting  a statement  of  the  aoope  of  the  work  desired  was 
worked  out  by  those  present  at  the  conference  and  by  disouasicn  with 
Hr.  Aoderson  by  telephone.  It  wms  sxiggested  by  the  Yeatem  Eleotrlo 
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representatives  that  the  eork  desired  be  placed  in  a purchase  order 
os  Hestem  Flectric  by  Polaroid  Corporation,  An  unofficial  purehaae 
order  accordingly  aas  rulnitted  to  testern  Electric  on  Roveaber  1 
and  a copy  of  this  purchase  order  was  subnltted  to  the  Bureau  of 
Ships  for  approval.  This  epproval  has  not  yet  been  obtained. 

Cn  Noveaber  28,  however,  a telephone  cell  wee  received  from 
Mr.  Selover  of  Meetem  Electric  In  which  Mr.  Selover  stated  that 
it  had  baen  decided  by  consultation  bctwean  festem  Electric  and 
the  Bureau  of  Ships  ^st  the  procureaent  of  the  theraistor  detectors 
could  be  handled  on  an  unclassified  beeie.  Mr.  Selover  further 
stated  tnat  a consequence  of  thle  decision  wee  that  the  dctectore 
Bust  be  procured  through  the  Graybar  Electric  Coapeny,  which  ooa- 
peny  aaintains  offices  in  Boston.  This  inforaetion  was  later  con* 
flraed  in  a letter  from  Ur.  E.  N.  Poole  of  Fiestexvi  Electric. 

Tith  regard  to  the  procurement  of  the  lead  eelenide  deteetora, 
visltc  were  sinde  to  the  Armour  Research  Foundation  and  to  Dr.  CBahaan 
at  Northwestern  University  on  October  5.  The  dlscuFsione  carried 
out  at  these  meetings  arr  sxuDaarlzcd  in  Enclosures  7 and  8. 

Pr.  Crshicau  decided  th^t  the  detcctore  were  feaeible  to 
uaho  and  he  efrecii  to  start  rorb  on  about  Ncveaber  1,  provided  that  he 
receive  such  Instructicns  from  the  Bureau  of  Ships.  Dr.  Cashaan  wee 
requested  tc  produce  these  detectors  on  Contract  HOba-45068  in  a 
letter  dated  October  13  from  the  Bureau  of  Sblpe  to  Dr.  Caehaan. 

Considerable  Attention  has  been  given  to  the  problem  of  the 
cylindrical  window  for  the  FbSe  channel.  Silver  chloride  would  un- 
doubtedly be  satisfactory  for  this  purpose,  but  siapler  and  perhapa 
■tore  rigid  and  less  expensive  windows  are  uxtder  etudy.  Soae  intereet* 
ing  high  lead  oentent  glasses  have  been  produced  by  the  Bureau  of 
Standards  under  the  direction  of  Ur.  C.  H.  Hehner,  acae  of  lAleh 
have  reasonably  high  tranealseion  in  2 aa  thiokneesee  out  alaoet  to 
5 niorons. 


Correspondence  has  been  carried  out  with  Mr.  Harold  G.  Vogt 
of  the  Comlnp  Glass  |(orks.  It  appears  that  Coming  makes  no  glasses 
which  transmit  well  out  to  4 aicroite.  According  to  infomation  wuqpplied 
by  Kr.  Vogt,  it  app<ears  that  fused  quart r would  provide  a aatiefeetory 
window  for  the  FbSe  detectors,  Accoi'dir.gly,  inquiry  is  now  being 
made  into  the  cost  and  feasibility  of  a suitable  fused  quarts  window* 


IV.  Theoretical  Studies 


A proposal  of  a simple  method  of  comparing  the  eeneitivitlea 
of  vrrlous  photoconductive  cells  was  communicated  in  a letter  to  Dr. 
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Cashman  on  iiovember  9>  The  eubatautlTe  content  of  thla  letter  has 
been  Iscued  In  the  form  of  a,  report  dated  November  30  (Enclosure  10) . An 
application  to  results  cxi  19  different  lead  sulfide  ceils  obtained 
bgr  the  Naval  Ordnance  Lnboretory  is  described  in  a report  dated  Decem- 
ber 6 (Enclosure  11 ) , 

If  the  prepoaal  turns  out  to  be  sound,  it  is  the  writer's 
opinion  that  the  adoption  of  ^he  reference  coxxiition  propoeed  in 
nicloBiare  10  would  materially  expedite  the  evaluation  of  the  work  now 
being  carried  out  on  varioue  photooonductive  cell  a. 

V,  Mechanical  Shop  Construction 


Ample  time  and  facilitlea  will  be  available  in  the  mechanical 
abop  for  the  eonatructlon  of  the  components  of  the  hemiapheric  search 
detector. 
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Ulnutrc  of  fit.  FC-5  Vootliig  In  rofc]J.ri£.tr>n  on  i>ptcT.ber  21,  1949 

R.  Clark  Jon«s 
Septenber  26,  1949 


A Bcetlng  was  hold  at  the  Navy  Department  In  the  rooming 
and  afteir.oou  of  Eepteffber  21,  1949,  attended  by: 

Herry  Dauber,  tureeu  of  Ships 
John  ?.  Kelly,  Bureau  of  Ships 
Elkan  R.  Blout,  Polerold  Corporation 
R.  Clark  Jones,  Polaroid  Corporation 

Mr.  George  Brown,  Amy  ERDL,  attended  the  afternoon  meeting. 


Morning  Session 

The  ptirpoae  of  the  ireetlng  was  to  discuss  the  activity  to 
bs  carried  out  In  connection  with  tlie  extension  of  Contract  NObsr- 
42179  (HC-5).  This  report  records  tsoroe  of  the  facts  obtained  and 
dmolslona  made. 

A number  of  gmups  are  manufacturing  photoconductlve  cells 
At  present.  Including t 


Armour 

Cashaisn 

Cetron 

Photo -mho 

PbotoBwltoh 

RCA 

Mr.  Foodslds  reoonosended  thet  the  cells  for  this  contract  be  ob* 
talned  troa  Dr.  Cashman  if  poaalble.  (The  writer  now  baa  an  engage- 
ment to  visit  Dr.  Cashman  In  Chicago  on  the  afternoon  of  October  5*) 

It  was  reported  that  the  Bureau  of  Standerds  Is  now  setting 
up  photocoadaotlva  cell  test  facilities.  The  wrlt<i»r  emphaalssd, 
bowsvsr,  the  need  of  setting  up  test  facilities  at  Polaroid  to  test 
the  calls  that  are  contemplated  for  uae.  Thia  la  desirable  bccauae 
it  la  much  slaqpler  to  test  a photoconductlve  cell  for  a specific  use 
than  it  Is  to  obtain  eom>lete  Information  on  the  oell.  Our  test 
faoUltlea  mould  permit  the  determination  of  the,  aay,  algnal-to- 
noise  ratio  of  the  detector  for  a given  power  Input  when  the  ten- 
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pcrature  of  tlie  oouroe  la,  aay,  100°,  150°,  200°,  and  300°  C,  irtien 
the  radlttlon  is  choppod  at  200,  400,  and  SCO  cps,  and  when  the 
clgn&l  le  f*  trtlfth-aecoijd  pulse. 

The  ayatcnc  to  be  c;  r.cLructed  shall  contain  four  elevation 
chcjiDclc  and,  subject  to  a Ictcr  contrary  dcoiolon,  both  the  wars 
and  hot  ayatoaa  will  be  corctructed.  The  outputs  of  the  four  channels 
ebsll  be  recorded  on  a n0.tlchannel  recorder.  This  recorder  should 
record  also  tho  elevation  angle  aru)  the  ailnuth  by  oeana  of  aelayns. 
There  'nill  thus  be  no  cathode  ray  presentation  and  no  switching 
tubes  involved.  The  Tsochanlctl  stiucture  shall  be  capable  of  con- 
tlnuour.  rotation  about  e vertical  axis  and  manual  adjustment  of  the 
elevation  angle.  The  construction  should  be  st'urdy  and  such  that 
the  unit  may  be  tested  outdoors,  but  the  unit  will  probably  never 
be  mounted  on  a ship  and  it  nill  not  be  necessary  for  the  unit  to 
paae  ahook  testa. 

Tho  electronic  aystew  will  not  distinguish  between  hot  and 
cold  targets. 

The  ayaten  should  be  designed  holding  in  mind  the  ultimata 
weight  and  epaoe  reatriotlona  involved  in  the  eont(m>lated  submarine 
applloatlon,  unless  this  requlrfment  Involves  a aecrifioa  in  ths 
slgnal-to-colse  ratio.  In  particular,  howevar,  thermoooupla  or 
bolometer  trsnaformera  will  not  be  used  because  thair  weight  is 
clcsrly  out  of  the  question  in  the  final  application. 

Mr.  Lewis  Velaon  of  the  Bureau  of  Ships  will  send  us  inform* 
ation  on  the  glass  which  is  suitable  for  tha  larga  window  on  tha 
photoeozsductive  ayatem. 

It  was  not  decided  whether  the  equipment  would  bo  oonatruotad 
to  oparata  on  60  cycle  or  400  cycle  power.  Mr.  Eally  will  look 
into  the  availability  of  400  oyde  power  at  Fiahera  lalond. 

It  was  reoommendod  that  the  writer  return  to  the  Bureau  of 
Fhlpe  those  reports  which  he  ia  now  not  luing  actively. 


Af'temoon  Sasaion 

In  the  afternoon  aasaion,  attended  also  by  Mr.  Frown,  the 
Army  requirementa  for  a heodapherlc  aearoh  dateetor  ware  dlseuased. 
Tha  tentative  Arty  requirementa  ware  qplbe  almllar  to  those  on  the 
device  now  being  designed.  The  generd  aise  of  the  apparatus  and 
the  15  second  period  of  rotation  were  acceptable.  The  prlmazy 
differenoea  were  that  a aonewbat  larger  ploture  element  would  be 
aooeptable  (o  picture  element  10°  square  was  suggested),  and  that 
tha  weight  requirement  was  virtually  non-exlatent.  The  device  must 
be  transportade  on  a truck. 
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Progr^et  Report  oo  RC-5 

CofMtmiag  th«  T:ork  oa  Circuit  DcvdoptMot 
fro*  S«pt«Kbor  13 » 1949»  to  Boo— bor  6,  1949 

Lincoln  Bcxtor,  II 

Doeonbor  8,  1949 


A littio  Imc  than  on*  oeck  vna  spent  rending  the  i^porta- 
of  the  stodp  eaetr«ct* 

It  eea  deolded  to  attempt  to  ocnatmot  the  oirooit  for  the 
beet  deteetor  first.  If  the  aysten  enploylng  a awltohing  tube  at 
tbe  output  la  used,  an  amplifier  haTlnp  a pass*bend  fro*  0.5  to 
3 oyoles  per  second  and  a gain  of  about  10  *111 lou  tines  or  130  db 
ia  required.  The  noise  leeel  desired  is  about  1 oeg  Johnson  noise 
•quiralent  to  about  l/LO  nlororolt. 

In  order  to  test  thla  anplifier,  an  oaeillator  oorerlng  the 
range  of  0.5  to  3 ops  eaa  required.  An  attempt  nas  aade  to  nodify 
a resistance  capacity  atidio  oeoillator  to  operate  at  theae  fre* 
quanciea  but  this  ciroxilt  nas  abandoned  beoauae  the  stability  and 
nsTefor*  were  eery  poor  at  the  loe  frequenoy,  probably  beoauae  of 
the  shox^  tlae  constant  of  tbe  ballast  la^  filanent  as  oenpared 
with  the  freqoenoiea  it  was  desired  to  produce. 

A relaxation  oscillator  ualng  a 7R105  foil  owed  by  four 
atageo  of  filtering  and  sons  aaplifioation  vas  then  designed  end 
ocnatruoted.  Soae  e:q>erl*ental  consideration  vee  given  to  the  uae 
of  684  or  ;?090  thyratron  tubes  but  the  VR105  eaa  nore  stable.  It 
eea  fotmd  poselble  cith  the  cyete*  using  tbe  VR105f  by  ganged 
svitohlng  of  oeoillator  and  filter  resi store,  to  b^ld  an  oaoil- 
lator  with  a frequency  Tariable  in  clf^.t  steps  fro*  0.3  to  5 ops, 
with  the  output  voltage  variable  fro*  0 to  16  volts  and  independent 
of  frequenoy.  Tbe  vavefom  as  vieved  on  the  2086  oacillosccpe  eaa 
vary  close  to  sins  viva.  When  it  eei  deolded  later  to  use  a push- 
pull  design  for  the  enpllfier,  e phase  inverting  ayate*  eea  added 
to  this  osoUlator,  since  it  vee  found  that  the  center  tep  of  the 
push<-pull  signal  end  the  oscillator  ohassla  ted  to  be  grounded  to 
avoid  picked  up  noiee  and  hu*. 

Several  ■odifloetlona  of  e single  ended  enpllfier  were  de- 
■igned  and  oonetruoted  using  4 stages  of  ampllfi cation  with  4 pen- 
todes, the  first  stage  ta^oda  eonneoted.  riMt  6A05  then  6AK5'a  ware 
used.  Greet  diffloultiaa  In  obtaining  isolation  of  stages  fro* 
power  supply  and  aaoh  other  were  anoountered  and  degeneration  In 
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MthodM  and  aoraana  (bypaseixig  at  thaaa  low  fraquoDOiaa  raqtilraa 
ooDdenaaxw  of  prohlbatlaa  aiaa)  aada  It  too  difficult  to  obtain 
tba  raqu'rad  gain.  The  laakaga  ourrant  of  oondaraera  aada  it 
difficult  to  daalgn  any  wariator  ei?oulta  to  obtain  the  daairad 
gain  ooBpraaalon  of  tba  awpllfiar*  Tha  baat  ainf^a  cndad  aapllflar 
oonatmotad  had  a gain  of  about  ona  Billion  tlBaa  or  120  db  azu)  a 
nolaa  leval  of  about  one  elcroaolt,  aqulvalant  to  IX  aega  Johaaon 
nolaa.  Thia  anplifier  had  to  ba  operatad  trou  aewaral  battariaa  and 
uaad  raganaratloa  to  nautralisa  the  raduoad  gain  dua  to  oathoda 
daganaratlon.  Thla  ragcnaratlon  Bade  It  eren  Bore  difficult  to 
adapt  ooBpraaalon  clrmita  oT  the  typea  oonaldered  to  the  aaidlfier. 

atudy  waa  Bade  of  data  on  Reatam  Eleotric  oxidlaad  ooppar, 
ooppar  alloy,  OeraaniuB,  and  ailioon  oarblda  wariators.  Tha  Chile 
copper  thalliuB  alloy  varlatora  in  the  1/16*  dlanetar  aiaa  aaeB 
Boat  aultabla.  A nuaber  of  graphieal  atudiea  ware  Bade  of  the  ooa> 
coBpraaalon  oharaotariitioe  of  warioua  ooBbinationa  of  thaaa  alloy 
varlatora  of  the  3/L6"  and  lA^”  aiaea  in  raaietanoa  network!  and 
aapliflor  oireuita.  It  waa  tentatively  decided  to  work  on  the 
baaia  of  4 unlta  with  a gain  of  IX  between  each. 

It  waa  decided  that  a puah-puU  aapllflar  ayetea  offered 
Bany  advantages  which  would  probably  aora  than  ocopanaata  for  tha 
inoreaaad  nuibar  of  oo^xmenta  of  the  aapllflar*  A paBh-pall  aapll- 
fier  waa  daaigned  and  oonstinicted  ualng  6AD6  tubae  for  tha  laat 
three  atagaa  and  a 12AZ7  for  the  flrat  itaga.  Tha  12AT7  waa  found 
to  ba  ejcoaaaivaly  noiay  and  ms  abandoned.  The  ranalnlnf  three 
ategaa  ware  found  to  have  about  the  eaae  equivalent  input  nolaa  In 
tha  1/2  to  3 opa  bandwidth  as  the  alngla  ended  ayataa,  but  the  power 
aupply,  gain,  and  adaptability  to  variator  dealgn  problaaa  are  greatly 
aiaplifled  in  the  push-pull  ayaten. 

■lorophonioa  ware  found  to  be  very  serious  even  whan  tha 
ohassla  was  Bounted  on  sponge  rubber}  to  it  was  daoldad  to  suspend 
It  tron  the  ceiling  on  a spring  having  a period  of  vibration  of  about 
one  second.  It  was  found  that  tba  Bioropbonios  extended  all  the  way 
down  to  the  lowaat  frequency  the  aapllflar  would  pass  and  that  for 
any  notion  faster  than  about  1/2  oyole  tha  osoillosoopa  trace  would 
z'aproduoe  the  notion  of  the  chassis.  It  aaened  extrenaly  unlikely 
that  tuba  elenents  would  vibrate  at  this  rata}  so  pick-up  froa  ex- 
ternal fields  was  suspected*  The  first  of  the  three  stages  In  use 
was  eleotrostatloslly  shielded  without  producing  any  notloaabla 
change*  Then  it  was  discovered  that  tha  flrat  tubas  would  pick  up 
the  Botion  of  steel  pliers  brought  near  then  but  not  a brass  rod}  so 
nagnetic  fields  ware  suspaotad*  Magnetlo  shielding  was  found  to  pra- 
vent  ala»st  ooaplataly  the  low  frequency  notion  sansltlvicy.  Radue- 
Ing  tha  6 potential  on  the  first  of  the  three  stages  to  about  IX 
volts  raduoad  the  higher  fraquenoy  aiorophonles  to  the  point  where 
the  aapllfler  ocuntod  on  sponge  rubber  was  useful  for  sie&surlng  noise 
in  a oreawTaifier  stage  which  was  nountad  on  another  chassis*  6a06's, 
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6SH7*i,  and  6AC7’a  were  tested  1j3  push-pull  aXTergcinents.  Hith 
larger  currents  sad  potentials  the  6AU6  and  6SH7  were  less  noisy 
than  the  6AC7  but  decreasing  the  plate  voltage  and  current  of  the 
6AC7  iaproved  its  slgnal-to-nolse  very  amoh  ncre  than  It  did  for  the 
other  types,  so  that  at  about  25  volts  on  the  plate,  45  volts  B, 
the  6AC7  vas  about  one-half  as  ZK>lsy  as  the  other  types.  The  equi- 
valent Input  noise  of  scsm  anangenents  with  the  6AC7  vas  estioated 
to  be  approsdjntely  0.5  aicrovolts  or  less  in  the  1/2  ops  to  3 ops 
band.  This  Is  eqtii valent  to  the  Johneon  noise  of  about  25  negohas 

^ A « M 
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It  was  deolded  that  a ocre  accurate  method  of  estimating 
the  noise  mas  required,  since  an  estimate  by  eye  of  the  average  peak- 
to-peak  values  on  the  oscilloscope  might  be  considerably  ih  error. 
Methods  using  diode  rectifiers  at  the  output  of  either  the  amplifier 
or  at  the  plates  of  the  cseilloacope  mere  found  to  give  too  low  an 
impedance  and  altered  the  oacilloscope  indlcationa  noticeably.  A 
puah-pull  infinite  iapedenoe  detector  using  a 6SL7  waa  oonatruoted 
and  connected  aorosa  the  vertical  deflection  terminals  of  the  cathode 
ray  tube.  The  output  of  this  detector  was  averaged  by  an  RC  network 
with  a 20  second  time  constant  and  this  average  value  measured  on  an 
RCA  volt-ohmlet  Jr.  which  was  modified  to  give  a 3 volt  infinite 
iapedance  aoale.  The  meter  waa  adjusted  to  give  a full  scale  reading 
on  0.6  volt  ras  sine  wave  at  input  of  the  oscilloacope  and  waa  found 
to  be  linear  for  sine  wave  amplitudoB  preater  than  about  0,08  volt  rma. 

By  using  2VB105  tubea  to  regulate  the  output  of  a eommerolal 
regulated  power  supply  at  210  volta  for  the  last  two  stages  and  a 
cathode  follower  to  further  regulate  this  at  105  volta  for  the  first 
stage,  it  was  found  possible  to  operate  the  three  stage  puah-pull 
amplifiar  frc«  the  a.o.  power  without  increasing  the  nolaa.  This  was 
daalrable  as  the  battery  supply  previously  used  showed  signs  of  get- 
ting week. 


Several  tubea  which  have  been  suggested  by  various  aoxiroea 
aa  being  low  nolae  or  low  nlorophonios  have  baen  ordered  and  obtained. 
They  are  Beatem  Electric  346A  and  403B,  Viotoreen  5300,  RCA  5693, 
and  6AT6.  It  is  planned  to  begin  tests  on  these  as  soon  as  experi- 
ments are  completed  now  being  made  to  see  if  it  ia  possible  to  reduce 
flicker  noise  by  feedback  designed  to  bold  the  cathode  o\irrant  con- 
stant, as  suggested  by  Mr.  A.  W.  7ance  of  R.C.A. 
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Visit  to  RCA  I^bcr>>torieB  on  December  1,  1949 
R.  Clark  Jones 
December  7,  1949 


A conference  vas  held  at  RCA  Laboretorles  on  December  1 
attended  by 


A.  R.  Vance,  RCA 

Lincoln  Ba::ter,  Folp.rold 
R.  Clark  Jones,  Polprold. 

The  purpose  of  the  visit  irs''  to  obtain  Irformatlon  on  techniques 
usable  to  obtain  aipllf iert.  KJth  very  low  noise  level  and  frequenoles 
of  about  one  cps. 

Hr.  Vance  reported  that  in  connection  with  the  Typhoon 
Project  a d.e.  amplifier  ouployinc  e cormutator  had  b^n  eonatrocted 
shoBe  noise  level  in  a bandwidth  of  0,0?5  cps  was  10"^  to  10”^  ampere, 
tilth  an  input  lapedcnce  of  one  aegoha  this  corresponds  to  a noise 
level  of  from  1 to  10  /c volts.  This  noise  is  roughly  oonatant  current 
independent  of  the  impedance  level.  That  is  to  say,  it  acts  as  though 
it  were  produced  by  a current  generator.  Mr.  Venoe  suggested  that 
the  source  of  the  noise  was  e variable  Volta  effect  due  to  lopurltlea 
on  the  Burfsces  of  the  commutetor.  Amcng  the  considerations  Important 
in  deslfning  a low  level,  high  is^danoe  ooBHutator  are  the  use  of  a 
special  soldar  whose  Volta  potential  relative  to  ooj^r  is  small  and 
the  avoidance  of  insulating  stirfooes  exposed  to  the  moving  parts. 

Leeds  and  Northrup  manufactures  s single  pole  double  contact 
breaker  designed  for  operation  at  60  ope.  The  resonance,  however,  is 
broad.  This  unit  employs  a polarised  drive.  RCA  ■snufaoturea  for 
its  own  use  in  connection  with  the  T^j^ioon  Project  a single  pole 
double  throw  breaker  operating  at  386  cps.  The  resonsnee  in  this 
unit  is  also  broad  end  it  employs  a twn-polsrised  drive.  That  is  to 
•ay,  it  is  driven  with  an  alternating  etorent  whose  frequency  is 
193  ops.  At  ieiMdanoe  levels  of  about  cne  Begohm  Hr.  Vance  felt  that 
the  Wik  unit  was  'perhaps  somewhat  superior  to  the  Leeds  and  Roi*thrup 
unit. 


Mr.  Vance  reported  that  Lceda  and  Northreqp  in  Philadelphia 
is  carrying  on  work  on  comoutetors  for  high  Impedanoa  olrcuita,  and 
suggest^  that  re  get  in  touch  with  Albert  J.  kllllaBa,  Leeds  and 
Northnqp  Ccmpecaj,  4901  Ctenton  Avenue. 
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Hr.  V'nce  suggested  an  Ingenious  scheaw  for  increasing  the 
voltage  level  right  at  the  ccxnnatator  so  that  a higher  voltage  level 
would  be  available  for  driving  the  amplifier.  He  suggested  that  the 
signal  voltege  be  connected  through  the  commutator  to  an  inductor. 

Then  when  the  circuit  is  broken,  the  inductance  will  give  a high 
voltage  peak  whose  amplitude  is  proportional  to  the  signal  voltage. 

If  one  usee  gating  to  eliminate  the  noise  during  all  periods  excent 
those  during  which  the  contact  is  opening,  a relatively  low  noise  level 
should  result.  Mr.  Vance  also  sugrestad  a simple  way  of  obtaining 
this  gating t Introduce  a fixed  d.o.  voltage  in  series  with  the 
signal  voltage}  then  the  noise  between  tlte  inductor  pulses  may  be 
removed  simply  by  clipping  off  the  noise  peaks. 

All  of  the  commutator  methods  discussed  so  far  have  the 
effect  of  translotlng  the  low  frequency  signal  ac  modul'’tion  of  a 
high  frequency  aignal.  The  high  ^equcncies  are  much  more  easily 
amplified  because  of  the  absence  of  the  flicker  effect  which  is  so 
bothersome  at  low  frequencies.  Mr.  Vonce  made  another  ingenious 
suggestion  that  may  permit  the  elimination  of  the  flicker  effect. 

The  flicker  effect  is  believed  to  conolat  cf  spontaneoue  fluctuations 
in  the  etnlasion  of  the  cathode.  Mr.  Vance  suggested  the  uac  of  a 
feedback  circuit  to  hold  constant  the  total  cathode  current  of  the 
tube  end  to  obtain  gain  by  virtue  of  the  fact  that  the  control  grid 
would  then  vary  the  ratio  of  the  currents  received  by  the  screen  and 
plate.  Presunotly  this  procedure  will  lead  to  a relatively  high  level 
of  shot  noleo,  but  st:::co  shot  noise  has  e flat  spectrum  this  effect 
will  not  be  of  deep  concern  at  the  very  low  frequencies.  Kore  speci- 
fically, Mr.  Vance  suggested  the  use  of  a pentagrld  converter,  with 
grid  No.  1 used  to  maintain  the  total  cathode  current  constrnt  and 
grid  Ko,  3 used  to  introduce  the  signal  to  be  Bmplifled, 

Mr.  Vance  furthir  suggested  the  use  of*a  deflection  tube 
whose  total  cathode  current  cculd  be  held  constant  by  feedback 
methods.  In  thia  connection  he  suggested  that  we  write  to  Wr.  E.  W. 
Harold  with  respect  to  the  possible  use  of  such  tubes,  Mr.  Vance 
further  suggested  that  Raytheon  is  now  mrking  a number  of  speoisl 
tubes  for  the  International  Business  Machine  Company,  These  tubes 
have  many  grids  and  sharp  cutoffs  and  might  be  useful  for  our  problem. 

Mr.  Vance  suggested  the  use  cf  a somewhat  excessive  heater 
voltage  (7  volts  instead  of  6.3,  for  txem.ple)  in  order  to  obtain  a 
somewhnt  greater  emission. 

Mr.  Vance  referred  us  to  an  article  on  the  contribution  of 
shot  effect  to  the  noise  in  ordinary  vacuum  tubes  (RCA  Review.  Aprtl, 
1941). 

Part  of  the  day  was  spent  in  examining  the  Typhotn  Project 
computer  and  a brief  unsuccessful  experiment  was  made  in  the  effort 
to  lower  the  noise  level  in  thie  Typhoon  d.c,  amplifiers. 


rej/ebb 


f»<5LARUiO  C0H«»0»AT(0N  l»NT 


Visit  to  Bsll  Telephons  Laboratories  at  trhlppan^  oo  Deeaabar  2,  1949 

R.  Clark  Jooaa 
Dacenbar  8,  1949 


On  the  day  arter  the  conference  at  RCA  Laborrtorles  with 
Ur.  A.  fi,  Vance  a dlacnaalon  saa  held  at  the  Whippany  Inatallatlon 
of  Fell  Telephone  Laboratories  attended  by: 

W.  fc.  Ingeraon^  BTL 
H.  G.  Och,  BTL 

Lincoln  Baxter,  Polaroid 
R.  Clark  Jonas,  Polaroid. 

The  purpose  of  the  visit  was  to  obtain  Infomation  on  techniques 
uoable  to  obtain  amplifiers  *ith  a very  low  noise  level  and  at  fra- 
queneles  of  sbovt  one  ops.  Mr.  Och  explained  at  the  beginning  of 
the  discussion  that  the  Laboratories  group  which  ha  represented  had 
not  been  concerned  with  coosutators  working  at  very  low  levels, 
and  suggested  that  we  ought  to  ser  Mr.  V^nce  at  RCA. 

We  were  shown  different  mechanical  commutators.  The  first 
one  wee  manufactured  by  Ceven  and  was  labeled  the  "2937  network," 
serial  No.  D3<'444*  This  commutator  conslet»<^  two  decks,  each  with 
24  conteots.  If  the  alternste  contsote  in  each  ere  grounded,  the 
two  decks  together  are  capable  of  handling  the  Input  and  output  coe> 
mutation  for  12  channel e simultaneously.  (Thus  for  18  channels, 
two  decks  each  with  36  cont^icte  would  br.  required.)  The  nolee  level 
obteined  with  this  commutator  was  1C  to  20  ^volti  In  a bandwidth  of 
Hbo'Jt  one  c;-.8  at  t rotational  speed  of  5 rps.  It  wae  eaphaeired, 
however,  thet  no  eerloue  effort  had  been  made  to  reduce  the  nolee 
level • 


For  low  Ifvel  work  Ur.  Och  rreemmended  the  Dsven  unit  modified 
by  the  use  of  wider  contacts  for  the  input  circuit  than  for  the  out- 
put circuit  and  by  individual  ehields  placed  about  the  two  sections. 

The  second  commutator  shown  tc  ua  wss  a unit  menufactured 
by  BTL  with  a primary  requirement  In  mind  of  long  life  rather  than 
low  noise  level.  This  commutator  waa  the  equivalent  of  a two  deck 
eystfir.  with  12  contacts  on  each  deck. 

A dlscuBfion  was  ’eld  with  regard  to  the  importance  of 
grounding  every  other  contact  rather  then  Just  one  contact  In  each 
deck.  The  BTL  group  believed  that  the  use  of  alternate  grounde 
greetly  improved  the  stability  cf  the  other  channels  when  one  channel 

wae  overloaded. 
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In  a aubaequent  dlacuseioD  with  lir.  K.  C.  Rordan, 

BTL  (a  fcraer  aaaociate  of  tha  writer)  ^ llr.  Rorden  described  a lov 

noise  level  airpllfier  whioh  he  had  reoently  constructed.  ^Is  aa** 

plifler  employed  four  348A  tubes  In  parallel  at  the  Input  In  order 
to  minimize  the  noise  level  of  the  Input  tubes.  Kr*  Rorden  suggested, 
however,  tbet  the  1620  tube  is  almost  as  good  as  the  34SA  for  this 

purpose.  He  suggested  that  we  write  Mr.  FI.  C.  Hontgooery  with  re- 

gard to  the  possibility  of  obtaining  a schematic  circuit  of  the  am- 
plifier and  a curve  of  the  noise  level  versus  frequency.  Hr.  Rorden 
also  mentioned  a reference  tc  an  article  by  Bogel  on  low  frequency 
low  level  amplifiers.  Hr.  '^orden  will  send  the  writer  the  detailed 
reference . 

We  were  shewn  the  analogue  oosputor  which  BTL  la  oonstruot- 
ing  for  its  own  use.  This  cemputor  employs  the  comoutsted  d.c.  ea- 
pllflcr  involved  in  the  discussion. 
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Minutes  of  an  FC-5  Meeting  ai.  Hell  Telc-paore  L-.bsratc  • es 
or;  rept'T.ter  30,  1949 

R.  Clark  Jones 

October  3,  1949 


A meetl.  e was  held  at  the  *h:rray  Hill  Laboratory  of  Bell 
Telephone  Latoratcries  during  tna  morning  cf  'September  33,  1949,  to 
discuss  the  feaclbllity  of  obtaining  theimiator  detector,  suitable  for 
use  on  the  RC-5  device.  Present  were: 

A.  E.  Andereon,  BTL 
J.  A.  Becker,  BTL 
J.  J.  Kleimeck,  BTL 
R.  Clark  Joi.es,  Pol!»roid 

At  the  bjginning  cf  tlie  meeting  the  writer  desciibed  in  out- 
line fern  the  prrpoeed  eprJlcatlon  of  the  thenaistor  deleotor.  At 
the  conclusion  Df  this  description  Dr.  Becker  enphaaiaec  that  BTL 
would  perform  as  a supplier  of  units  with  performance  specified  by 
Polaroid,  and  th3 1 BTL  r.ould  in  no  way  shai'e  responsibility  for  the 
overall  perform.'ince  in  the  pro7>osed  application. 

The  performance  desired  b7  Polaroid  is  a;3  follows  s 

Sensitive  area:  mm  x 16  mn 

Time  constant: 0,08  second 

Number  of  units  needed:  P,  plus  a few  spnrea 

There  was  considerable  discussion  cf  the  means  -.hpt  right  be 
employed  to  obtain  the  desired  time  constant.  The  simplest  way  to 
obt.ain  the  desired  time  constant  would  be  to  support  the  thermistor 
elements  only  at  the  contacts  and  thus  tc  let  the  rensibive  element 
be  air-backed.  An  air-backed  unit,  however,  has  a prone. need  micro- 
phonic  response  due  to  the  "swish"  effect , If  the  air  wire  removed, 
the  tine  constant  would  be  too  long,  and  if  tlie  flake  weve  backed 
wi  oh  a solid,  such  as  quar'cz  or  glass,  the  time  canstant  wo\ild  be 
far  too  short.  It  was  decided  that  a low  preesura  of  helium  waa  the 
bc.5t  answer  to  the  problem.  There  was  some  uncertainty  as  to  whether 
su.'h  a imit  woxiid  be  mlcrophonlc  because  of  tlio  meahanicil  vibration 
of  the  sensitive  element. 
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The  proposed  irethod  of  constriction  rhich  was  evolved  during 
the  discut  eion  is  ce  follows:  From  4 to  f?  flakes,  eech  7 mm  long, 

wovild  be  bridged  over  a gap  between  two  insulating  supp  'ts,  which 
gap  is  5.3  nim  wide.  Depending  on  the  width  ol*  the  stri  i -,,  from  4 to  8 
strips  wovild  be  used  to  cover  a gap  length  of  16  mm. 

The  following  cuairary  cf  the  technical  situatioii  war  agreed 
to  by  all  those  present.  It  seems  feasible  for  BTL  to  vake  by  present 
techniques  a helixm-backed  unit  of  the  dcrirel  time  constant  and 
area,  which,  however,  may  be  too  mlcrophonlc  for  the  fl:.al  application. 
Removal  of  the  microphonlc  response  seems  probable,  tut  does  require 
development. 

One  of  ways  discussed,  by  which  the  microphonlc  response 
right  be  removed,  was  tc  use  a solid  backing  of  a high  porous  material 
such  88,  for  example,  very  porous  sintered  glass.  Or,  tho  thermistor 
flake  might  be  sutpported  at  one  or  two  points  ac-xsss  th.-'  gap. 

The  method  of  electrical  interconnection  of  the  separate  strips 
making  up  the  detector  and  the  choice  of  thermistor  mat  rial  was  left 
for  later  decision.  Two  thermistor  naterlsls  arc  avalli  ble:  The  No.  1 
material  in  a thiokneaa  of  10  microns  has  a reel  :>tance  f 3 megohms 
per  square  and  the  No.  2 material  0.3  megohms  pe*  aquarv  at  room 
temperature.  Dr.  Beoker  emphasised  that  one  :.ust  oonsl  ’or  seriously 
the  problem  of  cooling  of  the  capsule  in  which  t.he  slem  nt  is  mounted. 

If  BTL  should  go  akeed  with  this  devclcp-nent,  Ic.  would  expect 
Pclercid  to  design  and  supply  the  capsules  in  wh\ch  the  i:hcrmistor 
flakes  would  be  mounted.  In  this  connection  it  v.'as  sgr>3c1  that  a 
9 mm  internal  width  and  a 4 mm  internal  depth  wculd  be  Hequate. 
Provided  that  Uie  walls  of  the  capsule  are  not  too  thlc-r,  these 
dlmensione  ehoixld  permit  placing  the  5.3  x 16  mx  strips  side  by  side 
Kith  a separation  substantially  equal  to  the  width,  nomoly  5.3  wm. 

The  matter  of  flnoncing  the  proposed  developmeri’  by  BTL  was 
next  cllscuseed.  ?.ir,  Anderson  emphasized  that  because  cT  the  preasure 
of  Internal  work,  the  development  could  not  bo  done  until  funds  were 
svailable  and  the  contract  signed.  In  principle  two  mt ihods  of  pro- 
cedure seem  open: 

A.  Negotiation  of  a contrac'.  between  totem  I i ectric 
Company  and  Polaroid  Corporation. 

B.  Supplying  of  n;rda  through  the  prrse  it  coni  ' act 
with  the  Pureeu  cf  Ships, 
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la-.  Andersen  tjir-ught  that  from  the  poln'c  cf  view  of  bot  BTL  and 
Polaroid,  methoc  B was  preferable,  becaur e no  criy  woul  i the  contract 
InvolvfH  In  n'-'t-od  A be  tr  nevr>^at,.'  it  • • nild  undoubtedj y 

take  a lon^  tini.5  and  the  contract  r*--uld  probe''ly  not  be  legotiated 
in  lesF  then  eiv'  to  nine  tnon*h«. 


If  BTL  atarta  work  on  this  developmen  , its  pro^^aB  will  con- 
sist of  two  rather  distinct  parta,  first  the  provision  cf  engineering 
servlcea  to  ctu-Jy  the  feasibility  of  veriecs  deslfma  anc  to  design 
the  first  detecting  element.  The  second  pert  of  the  development  would 
be  the  actual  production  of  the  units  to  be  supplied.  Er.  Becker  m- 
BiarVed  that  when  the  nuaber  of  tmlte  of  a given  bind  cxczede  ten, 
there  Is  a provialon  in  the  Bureau  of  Ships  ccntrect  thet  It  should 
yield  to  a commercial  VVestern  dcotric  contract.  Er.  Kleimack  aug- 
geat3d  the  follc-flng  time  schedule  with  the  etiphptic  prcvlalon  th.at 
it  represented  a probable  time  schedule,  that  tht  schedule  could  in 
no  way  be  guaranteed,  and  that  if  unexpected  difjlcultitj  in  oon- 
ctznictlon  arose  the  time  voiild  be  suV stanti al ly  longer i Two  months 
to  construct  the  first  stii table  unit  and  another  two  raorths  to  produce 
the  eight  xinits  required  plus  a reesonable  number  of  speres. 

The  question  of  probable  costs  wan  not  discussed. 
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Mnutes  of  a Ueetlnp  «t  featem  Electric  Company 
on  Cctoher  14,  194S 

R.  Clark  Jones 

October  19,  1949 


A mretlng  was  held  In  the  Tiestern  Electric  Company  offices 
ot  120  Frcediray  during  the  afternoon  of  Friday,  October  14,  1949, 
for  the  purpose  of  arranging  the  detail  9 of  a proposed  contract  be- 
tween ■.'eatern  Ilectrlc  Company  and  Pol- rcid  Corporation.  Present  at 
this  meeting  weret 


Lea  F.  Ileacock,  Tier  torn  Ilectrlc  Company 
E.  K.  Poole 
L.  E.  Selover 

?.  Clerk  Jones,  Folercid  Corporetlrn. 

The  purpose  of  this  meeting  was  the  arrangement  of  a con- 
tract by  which  Pol'-rold  would  obtain  from  Pell  Trlephone  Laboratories 
30  to  12  thermistor  bclometcrs  of  the  typo  required  for  the  RC-5 
project. 


The  major  part  of  the  meeting  was  devoted  to  a discussion 
of  the  project  Itself  and  a discussion  of  the  general  typo  of  con- 
tractual arrangement.  After  ccnalderable  dlseussion  it  was  decided 
thrt  the  best  method  would  be  for  Pol>'Z*oid  to  piece  a purchase  order 
with  Hastem  Electrlo  for  engineering  services  as  described  below. 
This  purchase  order  would  cariy  the  proviso  that  the  cost  of  the 
engineering  aervlcea  ahould  not  exceed  910,000.  If  the  work  at 
Peil  Telephone  Laboratories  should  proceed  to  the  point  where  a33 
of  the  110,000  has  been  used  up,  then  Bell  Trlephone  Lsboratorlea 
should  cease  further  work  until  further  arrangements  have  been  made 
between  Weatem  Ilectrlc  Company  and  Polaroid  Coirorstlon. 

After  this  decision  waa  made  a scope  of  the  purchase  order 
was  quickly  written  up  and  ohecked  with  Ur.  A.  E.  Anderson  by  tele- 
phone.  The  following  scope  thus  has  the  approval  of  Mr.  A.  £.  Ander- 
son and  the  four  people  at  the  meeting: 


Scope 


Purchase  from  r.estem  Electric  Company  of  engineering  ser- 
vices of  the  Bell  Telephone  Laboratories,  said  engineering  services 
to  be  aimed  at  the  following  two  ohjrctivea:  (1)  the  Inveatlgatlon 
of  the  feasibility  of  various  designs  and  fabrication  of  the  first 
Thermistor  Bolometer,  (2)  the  febrioetlon  of  10  to  12  additional 
Thenslstcr  Bolometers. 
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T»ehnlenl  ReQulrgirente ; 

(1)  Scnajtlve  area  5»P  tc  5.5  ora  by  16  to  16  imn 
(?)  Tiice  conatamt  0,05  to  0.12  aocond 

(3)  Under  nomel  opcratirp  c-ndltlona  the  noise  in  the  1/2  to  3 cpa 
band  is  not  to  exceed  1.5  x Johnson  noise. 

(4)  Suitable  housings  ni]]  be  furnished  by  Pol^rcid  Corpomtlcn. 
(The  Tell  Telephone  Laboratories  will  furnish  consulting  ser- 
vices on  the  design  end  fabrication  of  these  heusinrs.) 

(5)  The  Thermistor  flakes  will  be  fsbrlceted,  mounted  in  the  hous- 
ing arid  the  houslnr  eealed  by  the  Pell  Telephone  Laboratories. 

(6)  ether  considerations  shall  be  subject  to  mutual  agreement  be- 
tween the  V.estcrn  Flectrlc  Company,  the  Pol'=‘roid  Corrcratlon, 
and  the  Bell  Telephone  laboratories. 

end  of  scope 

After  the  purchase  order  is  drawn  up,  it  muat  be  approved 
by  Vestern  HectrJc  Company  end  by  the  fureau  of  Ships  before  It 
hes  final  status  and  before  work  can  be  begun  at  Pell  Telephone 
Laboratories, 
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Minute*  of  an  RC~5  Conference  at  Armour  Research  Foundation 

on  October  5»  1949 

R.  Clerk  Jones 

October  12,  1949 


A meeting  to  diecuee  the  use  of  photoconductive  oella  In  the 
RC-5  hemispheric  search  detector  was  held  on  the  morning  of  October  5 
at  the  Armour  Research  Foundation  in  Chicago  st  35  West  33rd  Street. 
(Hotel  This  location  is  a $1.25  taxi  ride  from  the  Loop,  snd  may 
also  be  reached  by  taking  a south-bound  Rapid  Transit  to  the  35th 
Strciet  station  and  then  w'llking  back  to  33rd  Street  on  the  catwalk. 

The  Foundation  is  about  600  feet  west  of  the  Rapid  Transit  line.) 

The  visit  consisted  of  three  rather  distinct  parts t a meeting  in 
kir.  Beta's  office,  a discuesion  in  Mr.  Richardeon's  office,  and  a 
aeetinf  in  Ur.  Barkley's  laboratory. 

The  meeting  in  Ur.  Betz's  office  wss  sttendftd  by  I’r.  H.  T. 
Betz,  Mr.  R.  F.  Humphreys,  and  Ur.  E.  I . Perrine.  After  the  writer 
gave  s brief  description  of  the  RC-5  projeci,  Mr,  Pftz  explained 
that  the  group  In  the  Physics  Department  was  not  producing  photo- 
conductive  cells,  but  was  instead  interested  in  procuring  them  and 
expected  to  obtain  them  from  Dr.  Caahmen.  Kr.  Betz  inquired  whether 
our  project  Involved  detecting  the  modvilation  of  the  signal.  I said 
no,  and  we  both  agreed  thet  the  renge  would  be  substant jelly  less 
for  detection  of  the  modulation  compared  with  the  detection  of  the 
presence  of  the  slgrisl.  The  writer  mentioned  the  ROL  Memorandum 
9929  containing  an  experimental  study  of  19  lead  photoccnductlve 
cells.  The  Armour  Foundation  was  not  aware  of  this  report  and  the 
writer  agreed  to  send  them  the  detailed  reference. 

Ki'~>er  'Chib  mee'iiing  the  writer  hed  a detailed  discussion  with 
Hr.  Don  E.  Richardson  with  regard  to  some  work  which  the  latter  hes 
done  in  measuring  the  properties  of  lead  sulfide  cells,  which  work 
Is  described  In  the  Ardour  Progress  Reports  No.  8 and  No.  13.  The 
writer  found  Mr.  Richardson's  resulto  very  intcrebtlng;  in  nerticulsr 
he  was  interested  in  the  uniformities  which  Hr.  Richard* 
son  found.  Fven  more  pertlculerly  Kr.  Richardson  has  found  that 
for  a number  of  different  types  cf  lend  sulfide  cells  operating  over 
a wide  range  of  temperatures,  the  cells  all  satisfy  approximately 
the  foUewing  relation: 
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where  k ie  the  senaitlvlty  of  the  cell  Id  ohms  per  oho  per  watt  p>er 
square  oentineter,  t le  the  tine  cenatant  of  the  cell  In  aeoenda, 
and  R 1a  the  reelatance  Jn  ohma.  Thia  relation  ia  extremely  intereat- 
ing. Very  unfortunately  from  my  point  of  view,  however,  Er.  Richard- 
son did  not  have  available  a corresponding  study  of  the  noise  of 
these  deteotora  so  that  no  conclusions  may  as  yet  be  drawn  about  the 
way  that  the  signsl-to-noise  ratio  in  the  reference  condition  of 
measurement  depends  on  the  time  constant. 

After  the  diaoussion  with  Ur.  Richardson  the  writer  moved 
over  to  the  Chemistry  Department  to  attend  a meeting  with  Ur.  J.  E, 
Barkley  end  Frank  Ticulka  of  that  department.  Present  also  were 
several  members  of  the  rhyaica  Department.  Mr.  Psrkley  explained 
that  Airmour  Research  Foundation  had  a contract  with  ERDL  for  the 
prepM^ratilon  of  cooled  lead  sulfide  cells  and  that  the  department 
had  also  prepared  a small  number  of  uncooled  lead  selenide  cells. 

The  writer  inquired  how  a somple  of  these  cells  could  be  obtained, 
and  was  informed  by  Er.  Barkley  that  it  would  probably  be  impossible 
to  oh tain  even  one  of  them  except  by  an  arrangement  by  which  the 
Armour  Research  Foundation  would  produce  a few  for  otir  use.  Accord- 
infly,  the  writer  requested  Kr.  Barkley  to  send  him  an  estimate  of 
the  cost  of  a contract  for  the  socuring  of  two  to  four  uncooled  lead 
selenide  cells  with  a sensitive  area  approximately  3 mm  x 3 mm.  Mr. 
Barkley  described  the  best  lead  selenide  cells  produced  by  them  so 
far  as  having  a 40  db  signsl-to-noise  ratio  when  there  were  45  volts 
across  the  cell  and  43  volts  in  the  load  resistori  when  the  source 
was  at  a temperature  of  50C®  R,  was  one  centimeter  in  diameter,  and 
was  40  centimeters  from  the  cell)  for  a cell  which  had  a sensitive 
area  of  3 ora  x 3 mmi  the  radiation  was  chopped  at  450  cps  azxl 
the  eignal-to-nolse  ratio  was  measured  in  a bandwidth  of  9 cps.  A 
correspondlnr  figure  under  the  eaae  test  ccnditlcna  for  a lead  sulfide 
cell  at  room  temperature  wculd  be  about  4^50,  and  at  dry  ice  tempera- 
ture, from  70  to  80 . 
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lllnutes  of  an  FC-5  'v'eetlng  with  P^.  Cashnan 
on  October  5,  1949 

R.  Clark  Jones 

October  13,  1949 


A meeting  to  diacusa  the  poBsibllity  of  obtaining  uncooled 
lead  aelenide  detectors  suitable  for  use  in  the  RC-5  hemispheric 
search  detector  was  held  in  the  office  of  Dr.  Cashuan  at  Northweetem 
University  in  Evanston,  Illinois,  during  the  afternoon  of  October  5, 
1949,  (Rotei  There  is  a variety  of  ways  to  reach  Dr.  Cashuan' s 
of^ce  from  downtown  Chicago.  Cne  may  take  a C. & N.  W.  train  to 
Evanston  and  then  transfer  to  the  North  Shore  line  and  get  off  at 
Noyes  Street  station.  Or  one  can  take  a Rapid  Transit  train  to 
Howard  Street  and  then  transfer  to  the  Hcrth  Shore  at  Howard  Street. 

Or  one  can  take  a North  Shore  car  anywhere  on  the  Loop  and  get  off 
at  Noyes  Street.  From  the  Noyes  Street  station  one  walks  t^ee  blocks 
east  to  the  Technology  Building.  Dr.  Ceahman  is  in  Rooa  127,  con- 
veniently leached  through  the  south  court  door.) 

After  the  writer  described  briefly  the  RC-5  project  a rather 
detailed  discussion  followed  of  the  method  of  fabricating  an  uncooled 
lead  aelenide  cell  suitable  for  our  use.  Dr.  Ceshman  stated  that 
up  to  the  present  time  all  evaporated  lead  pbotoconductive  cells 
are  sensitive  to  exposure  to  the  atmosphere,  pertieularly  if  one 
wants  ^nsltlvlty  for  the  longer  wavelengths.  In  this  oonneotion 
Dr.  Cashuan  stated  that  the  cells  manufactured  by  Continental  Electric 
Company  do  employ  an  activation  method  that  yields  a low  sensitivity 
In  the  longer  wavelengths  and  that  these  cells  can  accordingly  be 
opened  to  the  sir.  On  the  other  hand,  both  Eastman  and  British 
Thomson  Houston  have  prepared  cells  chemical  means  which  are  ssnsi- 
tive  to  the  longer  wavelengths  and  which  can  be  opened  to  the  atmos- 
phere. The  writer  was  surprised  to  learn  that  Eastman  Kodak  is  mak- 
ing photoconduotlve  cells. 

Because  of  the  dlfficxilty  with  regard  to  exposure  to  air, 
it  does  not  seen  feasible  at  the  present  time  to. prepare  the  unit 
of  rather  large  area  desired  by  us  by  placing  adjacent  to  one  another 
a number  of  uxiits  of  smaller  area  which  had  been  prepared  separately. 
Dr.  Cashman  did  suggest,  however,  thet  developments  during  the 
next  few  months  might  make  it  possible  to  expose  sensitive  lead 
aelenide  cells  to  air.  Dr.  Cashman,  after  some  thought  and  discussion 
decided  that  it  would  probably  be  feasible  to  prepare  the  cells  in  a 
quarts  capsule,  using  a procedure  similar  to  one  already  in  use  by  him 
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CCNFIDENTIKL 


In  response  to  the  writer's  question,  Dr.  Cashaan  explained 
that  graphite  electrodes  were  about  the  only  type  of  eleotrodea  which 
can  be  used  in  the  evaporated  types  because  graphite  does  cot  combine 
with  Bulph'ir  or  aelenlum,  as  do  practically  all  metals  at  the  hi^ 
temperatures  required  to  eensitize  the  cell.  Dr.  Cashman  shoved  the 
writer  two  reports  by  him  dated  Jenuarj'  8 and  January  22,  1949,  pre- 
pared on  Navy  Contract  NObs-45C68,  and  indicated  that  he  had  a copy 
of  each  which  he  e«ild  send  to  the  writer  upon  authorization.  The 
summary  of  these  two  reperts  contains  a good  deal  of  quantitative 
Information  about  the  signal  and  noise  of  the  lesd  selenide  cells 
prepered  by  hlr. 

The  following  le  a verbatim  copy  of  the  spec if icat ions  emd 
time  Bchedxile  agreed  xipon  with  Dr.  Cashman: 


Lead  Selenide  Cell  Unoooled 

Sensitive  area,  5-0  vm  to  5.5  n by  16  mm  to  18  vd. 
UaxlBUD  area  of  housing  > 11  nm  x 26  tbb. 
liaximum  depth:  approximately  1.5  1a. 

Eight  xinlts  required,  plus  a reasonable  mmber  of  aparet. 
Time  Schedule 


Dr.  Cashman  could  start  work  on  about  Ncveid>er  1.  By 
the  use  of  prearnt  techniques,  except  for  the  Bodlfioationa 
Involved  In  the  large  area  end  the  small  clearance,  he 
voi'ld  expect  to  b«’ve  a housing  in  tvo  weeks,  including 
a layer  of  questionable  seDsltivlty.  He  would  expect  to 
be  able  to  supply  to  us  10  to  12  sensitive  units  by 
January  !•  This  schedule  is  subject  to  approval  by  the 
Bureau  of  Ships. 

Dr.  Cashman  believed  that  he  oculd  Supply  in  these  units  a 
lead  selenide  surfsoe  ae  sensitive  as  the  surface  described  in  the 
Janxiary  8 report  cited  above.  He  furUiermore  indicated  that  he 
would  Bvpply  an  uncooled  lead  sulfide  cell  whose  sensitivity  would 
be  as  good  as  the  lead  selenide  cell  in  the  January  8 report  at 
200°  C.  The  unoooled  lead  sulfide  oel],  however,  would  be  leas 
sensi ilvs  for  sources  of  lover  temperature  and  would  be  more  sensi- 
tive for  sources  of  higher  tempera ttire. 
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CONFIHENTIAL 


With  regard  to  the  local  Tariations  of  aenaitlvity.  Dr 
CaehBaa  stated  that  elth  our  large  Boanalng  spot  2.5  aa  In  diaaetar  ' 
he  expected  that  the  aenaltiTlty  would  be  the  aane  within  3 db  over 
the  entire  area  of  the  detector. 
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Vis.lt  to  Bell  Te?.ephone  laboratories 
on  September  30,  1949 

R.  Clark  Jonee 

October  4,  1949 


After  the  meeting  on  thermisior  detector  elemenifl  (described 
ir  the  writer's  report  dated  October  3)  was  over,  +-he  writer  took 
iidvantagc  of  hie  presence  (he  hopes  not  l.mproperly)  at  I'  urray  Hill  to 
Jiccuss  Iriefly  with  some  of  his  forc-ar  essociatos  two  of  the  other 
problems  involved  in  the  RC-5  program , 


Crmprea.iing  Amplifiers 


The  writer  trlked  with  J.  C,  hosier  or.d  J.  R.  i'legal  about  non- 
IJneer  elements  which  might  be  sultec.le  for  uce  in  cooqjrosslng  circuits. 
Doth  of  these  people  erphaeized  the  usefulness  of  edpper  oxide  recti- 
fiers for  this  fitirpofio  and  emphasized  alto  the  particular  advantage 
of  copper  oxide  rectifiers  containlrg  a ebbII  quantity  of  thallua. 

U.T,  Flegal  provided  tlie  writer  with  t-ree  sheafs  of  data  on  non- 
linear elements,  on  copper  oxide  units,  on  silicon  carbide  units, 
rnd  on  gemanlum  mlts,  whlc.h  will  be  of  the  greetest  usefulness  in 
the  design  of  the  compressing  amplifier  for  the  FC-5  project. 


Mechanical  Comerutetorvi 


The  writer  telkcd  with  Mr.  K.  I . Dietzold  and  •<.  E.  Ingerson 
clout  r.-.ecasnica'  cctanitutors  suitable  for  use  in  connection  with  d.c. 
rmpllf.'.ers  opcrotlng  with  input  level  s erualing  .ichnson  noise.  Mr. 
Ingersoi!  mentlcned  two  projeits  irtiloh  involve  such  cosnm.tators.  The 
first  is  a project  in  the  T'hlppeny  Laboratory  of  Pell  Trlephore  labo- 
ratories under  the  direction  of  X.  II.  C.  Higgins.  The  second  is  the 
Typhocu  project  at  RCA  under  tu€  dlrcutlcn  of  Mr.  Vance.  Mr.  Ingerson 
dercribed  aloo  n conB;ercially  availai  le  I cede  and  North  "up  relay  irtiieb 
is  suitable  foi  use  rith  very  lew  le.'jl  clrouits. 
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Prcpo8«l  of  a Sinple  Hethod  of  Describing  end  Cosparing 
the  Properties  of  PbotoconductiTe  Cells 

R.  Clsrk  Jonss 

Rovei^r  30,  1949 

* 


Introduction 


This  report  oontains  the  suggestion  of  a slsple  nethod  of 
desoribing  the  reaponeivH]r-to-nol8e  ratio  of  photooonduotlve  oells, 
in  such  s ve7  thet  the  signsl*to*DOise  ratio  obtainable  in  a given 
applioation  is  easily  oaloulsble  and  in  such  a way  that  the  number 
of  specific  nusMrical  essuaptlons  (involved  in  the  description  in 
the  reference  condition  of  Deasureaent)  is  probably  the  irreduoible 
ainirat  a frequency  ratio  of  e « ?.718,  and  a refersnoe  area  of 
one  square  oentiaeter. 

This  proposal  eas  rtlaulatad  by  the  avkeardly  Isrge  col'* ac- 
tion of  onabers  ordinarily  required  in  order  to  state  fully  the  con- 
ditions of  Bcasureaent  of  a givm  pbotooooduotive  oellt  For  exaaple, 
a call  was  recently  described  to  ae  as  having  "a  signal-to-noisa  ratio 
of  so  Bucta  when  there  were  45  volts  across  the  oell  and  45  volts  in 
the  load  resistori  when  the  source  was  at  s teaperature  of  500°  K, 
was  one  oentlastar  in  diaaeter,  and  was  40  centlweters  trom  the 
oell I the  cell  has  a sensitive  area  of  3 wa  x 3 eai  the  radiation 
was  chopped  at  450  ops,  and  the  signel-to-noise  ratio  was  weasured 
in  a bandwidth  of  9 ops." 

If  now  a miaber  of  different  investigator's  use  different 
values  of  the  peraasters  given  above,  it  is  clear  that  it  will  be 
quite  difficult  for  the  various  investigators  to  oowpare  results. 

Kow,  there  are  two  possible  ways  out  of  this  difficulty. 

One  is  for  every  investigator  to  use  the  sane  experiaental  psra- 
Bsters.  The  other  is  for  saoh  investigator  to  reduoe  his  results 
in  such  a way  that  isaibers  are  obtained  which  are  directly  oowpsr- 


able.  1 understand  thet  some  progress  has  been  made  with  regard 
to  the  former  posaibllity.  The  propoael  here,  however,  relate! 
entirely  to  the  latter  poaaibility.  1 should  like  to  propose  a 
method  of  reduction  by  which  one  ahculd  obtain  the  same  maMrioal 
value  from  a given  cell,  even  though  the  cell  ie  teated  under 
various  experlmentsl  conditions  with  different  values  of  the 
parsaetera  mentioned  in  the  quotation  above. 

Naturally  enough,  the  starting  point  of  this  reduction 
ass  the  eiBller  task  of  reduction  carried  out  with  respect  to 
thermocouples  and  bolometers  in  two  recent  publications  (J-  Opt. 

?oc.  Am.  39,  327-343  , 344-356  (1949)).  The  reduction 
in  these  reports  ccnslsted  of  tbjree  distinct  parts.  First  the  sensi- 
tivity of  the  detector  was  reduced  to  the  value  it  would  have  if 
ita  area  were  one  scucre  millimeter.  Secondly  the  signal -to-nolse 
ratio  was  reduced  to  the  value  it  would  have  if  the  nolae  equi- 
valent bandwidth  wex*e  equal  to  the  bandwidth  of  the  detector  itself 
as  determined  from  its  time  constant.  Thirdly  a figure  of  merit 
was  defined  on  the  basis  thet  the  sensitivity  resulting  from  the 
first  two  steps  sho^jld  be  proportional  to  the  time  constant.  By 
this  means  a figure  of  merit  was  obtained  by  which  one  could 
directly  Interccnpare  different  detectors.  Furthermore,  the  figure 
of  merit  carried  the  implication  that  any  of  the  deteotox^  co.r- 
Bider^d  could  be  reconstructed  to  have  s given  ares  and  a given 
time  constant  and  that  the  figure  of  merit  would  then  be  the  same. 
Thus  if  two  different  detectors  were  each  reconatructed  to  have 
the  sene  final  ares  and  time  constant,  the  detector  with  the 
higher  figure  of  merit  wo\ild  give  purerlor  performance  after  re- 
oonetruotlon. 

There  are  two  reasons  why  the  procedure  described  In  the 
references  cited  is  not  Imsedistaly  spplioable  to  photooonduotive 
oellsi  (1)  With  pbotoconduotiva  cells,  the  responelvlty  In  volts 
per  watt  dspends,  among  other  things,  on  ths  wavelength  of  the 
radiation  or  on  the  tampers tvxe  of  ths  aouroa,  wharaaa  thla  la 
not  tha  oasa  for  themooouplea  or  bolonatars.  (?)  Ovar  tba  xisaful 
range,  the  noise  power  par  unit  bandwidth  (tha  noiaa  powar  la  da- 
flned  as  tba  mean  aquara  noiaa  voltage)  is  inversely  propoirtlonal 
to  tha  fraquanoy,  idiareaa  with  bolcmetere  and  pbotooalls  tha  noiaa 
power  per  unit  bandwidth  la  aubetantially  Indapendant  of  tha  fra- 
quenoy. 

The  ccmplloatlon  represented  by  item  1 in  the  preoadlng 
paragraph  la  an  eeeentlsl  complloation  and  cannot  be  avoided. 

That  la  to  say,  whatever  figure  of  merit  ia  finally  defined,  it 
must  neceasarlly  be  a function  of  tha  wavelength  or  of  the  tem- 
perature. Tha  complication  rapreaanted  by  item  2,  however,  is  not 
an  eaaantial  one  and  may  be  treated  aa  in  the  following  section. 
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Noise  of  Photoconduetiv«  Cells 


The  esseDtlSLl  feat\ire  of  the  noise  in  the  output  of  the 
y^hotooonduotlve  cells  la  that  the  noise  power  depends  on  the  ratio 
of  the  freouenclra  st  the  upprr  and  lower  end  of  the  passbsndi 
rather  than  on  the  dlfferenee  of  these  frequenoles  in  the  oxxllnary 
ease  of  flat  noise.  This  fact  maj  be  shown  as  follows! 

Let  R be  the  noise  power  per  unit  bandwidth,  that  Is  to 
say,  the  nean  square  no lee  voltage  per  unit  bandwidth.  Let  ^ be 
the  total  noise  power.  Then,  in  general,  the  relstion  between 
‘Tl  and  N Is  as  follows : 


^ ^ H(f)  df. 

o 

In  the  special  osee  In  whloh  an  anplifier  Intervenes  between  the 
cell  and  the  ncise  oeter  which  provides  flat  ampllflostlon  of 
the  frequenoles  between  f^  and  fp,  and  which  rejeota  all  other 
frequencies,  the  above  expression  becomes 


n - ^ R(f)  df. 
f 

1 

Row  let  f,  be  the  signal  frequency,  and  let  Rg  be  the  noise  power 
per  unit  bandwidth  at  the  frequency  fg.  Then  In  the  case  of 
photooonduotive  cells  one  has 

R(f)  « Vs/^* 

Upon  substituting  Fq.  (3)  and  Iq.  (?)  and  performing  the  inte- 
gration, one  finds 

V - f,»,  log,  vfj. 

Equation  (4)  confirms  the  statement  made  above  that  the  total 
noise  power  depends  only  on  the  ratio  of  f2  to  f ^ . 

Kow  let  us  consider  the  case  of  flat  noise  defined  by 
the  statement  that  the  noise  power  per  unit  bandwidth  R Is  in- 
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(3) 

(4) 
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dependent  of  frequency.  Cne  then  finds  from  Eq.  (?) 


^ - H,(fj  - fj). 


(5) 


At  this  point  it  has  beootne  evident  that  in  the  reduction 
of  the  experioental  res\ilta  it  will  be  desirable  to  reduce  the 
experiaentally  determined  sensitivity  to  the  esse  in  which  the  noise 
has  some  specific  fractional  bandwidth.  In  my  earlier  considera- 
tion of  this  subject  I considered  that  the  natural  choice  would 
be  the  octave,  thet  is  to  say,  a frequency  ratio  of  2.  l/!or«  r«- 
cently,  however,  I have  come  to  realize  that  a frequency  ratio 
equal  to  e * 2.716  (where  e is  the  base  of  RSperean  logarithms) 
is  the  better  choice.  If  the  frequency  ratio  has  this  value, 

Eq.  (4)  becomes  simply 


(6) 


That  Is  to  say,  the  total  noise  power‘d  has  the  value  it  would 
have  if  the  noise  power  per  unit  bandwidth  st  the  signal  frequency 
were  extrapolated  to  a bandwidth  equal  to  the  signal  frequency 
by  the  use  of  the  familiar  flat  epeetnim  relation  (5). 


The  Proposal 


Let  F]f  be  the  experiaentally  determined  noise  equivalent 
flux  per  unit  area  as  steaeured  with  a given  signal  frequency  f^ 
and  with  an  amplifier  «diose  pessband  extends  from  f^  to  f2>  Let 
A be  the  area  of  the  detector  in  square  centimeters,  and  let  the 
meesureisent  refer  to  a stated  wavelength  for  a stat^  source  tem- 
perature. Furthermore,  let  S»  be  the  coiTespondlng  noise  equivalent 
power.  The  quantities  f ^ and  "g  are  related  simply  by 

In  order  to  simplify  the  writing  of  equations  in  the  r< nainder 
of  this  report  it  is  acrunwd  that  the  radiation  incident  upon  the 
cell  is  characterized  by  wavelength  rather  then  by  temperature, 
but  it  should  be  held  in  mind  that  the  symbol  cen  be  replaced 
by  the  temperature  T of  the  aource  in  any  of  the  equations  which 
follow. 


How  let  the  noise  equivalent  power  .5  (A)  in  the  reference 
condition  C be  defined  by  the  following  equation i 


xS(A) 


(6) 


- Sjj(A  )/(A  log^ 


or 


( ^ 

J>iX)  - F ( A)  

Vlog^  f/f, 


i 


(9) 


In  the  very  Important  special  case  In  which  the  frequency  ratio 
f^/fl  does  not  differ  substantially  from  unity,  one  has 


f,  - *'i  Af 


— ) , F-., 


(10) 


provided  that  the  signal  frequency  lies  between  the  frequencies 
fj  and  fj.  EqtMtlona  (8)  and  (9)  now  become 


^(A)  = Sjj(A) 


» Fjj(A) 


(11) 


(12) 


The  function  ( A ) , defined  by  the  above  two  equations, 
or  alternatively  Eqs,  (8)  and  (9),  has  the  following  advantages! 

The  number  obtained  is  independent  of  the  signal  frequency  used  in 
the  test,  and  It  Is  independent  of  the  bandwidth  of  the  amplifier 
used  in  making  the  teat.  It  la  furthennore  inde]>endent  of  the  area 
of  the  detector,  provided  that  one  assumes  that  the  Intrinsic  sensi- 
tivity of  the  surface  Is  Independent  of  the  total  area. 

Thus  If  one  plots  /^  ( A ) as  a function  of  A , one  obtains 
a single  function  which  choractf rizes  the  intrinsic  sensitivity  of 
the  detector.  No  further  numfrical  information  whatever  need  be 
given.  The  quantity  ^(A.)  1b  tbe  noise  equivalent  power  that 
would  be  actually  measxired  if  the  area  of  the  detector  were  one 
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■quar«  centineter,  and  If  the  frequency  ratio  of  the  amplifier  used 
in  the  oeeBurcir.ent  were  equal  to  e ■ 2. '718.  Accordingly,  the  only 
t»o  numerical  eseumptlons  Involved  in  the  reference  condition  of 
meaaurement  C are  the  frequency  ratio  of  e and  the  area  of  one  aquare 
centimeter.  Thus  if  one  frlahee  to  be  more  cpecific,  one  can  refer 
to  the  "reference  condition  C (e. 


Ground  Exiles 


The  preceding  section  has  contained  the  basic  idea  rf  the 
reference  condition  of  meaeureaent.  The  proposal,  however,  is  not 
Bufficient  to  insure  that  all  workers  will  obtain  the  saae  numbers. 
In  order  to  obtain  this  further  assurance  it  is  necessairy  to 
agree  on  a number  of  additional  ground  rules. 


1.  I strongly  recommend  that  the  signal  voltage,  the 
noise,  and  the  heat  signal  itself  always  be  measured 
in  terns  of  their  rma  value,  and  that  furthermore  in 
the  case  of  the  signal  voltage  and  the  heat  signal,  the 
nss  value  of  the  fundamental  component  be  employed. 

The  reasons  for  this  choice  seem  to  me  fairly  cogent. 
First,  the  rtm  value  of  the  noise  volt*»ge  is  the  only 
reaecnable  way  to  measure  xwiae.  To  be  sure,  the  aver* 
age  value  of  the  abaolute  deviation  from  the  mean 
ylelde  u value  only  11  percent  lower  than  the  rma 
Value,  but  tl  is  value  does  net  enter  simply  into  any 
fundamental  theoretical  formulae.  The  peak  noise  values 
which  are  sometimes  stated  are  to  be  deplored,  since 

it  is  difficult  to  determine  the  rme  value  from  the 
peak  value,  even  when  the  conditions  of  measurement 
of  the  peak  value  are  thorou^y  defined.  Then,  since  the 
zwui  value  must  be  used  for  the  noise,  it  ia  only 
natural  to  employ  the  same  nee sure  for  the  heat  signal 
and  for  the  signal  voltage.  It  is  particularly  im- 
portant tr>  employ  the  seme  measure  for  the  heat  signal 
and  for  the  signal  voltage,  since  only  in  this  case 
does  the  sensitivity  in  volts  per  watt  reduce  at  low 
frequencies  to  the  steady  stated  response  in  volts 
per  watt.  If  the  ras  measure  la  employed  throughout, 
the  reference  condition  C nay  be  written  even  more 
explicitly  as  "reference  condition  C (e,  cm*,  rma)." 

2.  The  inatantanecua  heat  signal  la  to  be  measured  as 
the  difference  between  the  radiation  of  the  source  to 
the  cell  and  the  radiation  from  the  cell  to  the  source. 
This  correction  is  particularly  important  in  the  case 
of  low  temperature  sources. 
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3.  The  cell  ehould  be  mefisured  ^ith  a load  resist'^  noe 
equal  to  the  derk  resistance  of  the  cell. 

4.  The  current  through  the  cell  should  have  the  value 
which  Btaxiaisee  the  eignal'to-noise  ratio. 

5.  The  units  in  which  Sjj  and  ^ are  aessiired  should  be 
agreed  to  by  conaon  consento  Among  the  posfible 
choices  of  ergs  per  second,  nicx*owatts,  snd  watts, 
the  watt  family  has  the  obvious  advantage  that  the 
symbol  sec  need  not  be  written.  Furthermore,  the 
unit  watt  is  easily  reduced  to  smaller  dimensions  as 
in  ^watt  and  ^^watt. 


Discussion 


The  statement  thr>t  the  noise  equivalent  power  >6{A) 
the  referenoa  condition  C is  Independent  of  the  signal  frequency, 
and  the  noise  equivalent  bandwidth  used  in  the  Masurement  depends 
on  two  assumptions: 

(1)  The  assumption  that  the  responsivity  of  the  cell  in 
volts  per  watt  is  independent  of  the  signal  frequency. 

(2)  The  assumption  that  the  noise  power  per  unit  band* 
width  N is  inversely  proportional  to  the  frequency. 

The  first  condition  is  evidently  equivalent  to  the  assump- 
tion that  the  signal  fz*equency  is  small  compared  with  the  cutoff 
frequency  of  the  cell  as  determined  by  its  time  constant: 


f 
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<< 


1 
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(13) 


where  t is  the  time  constant  of  the  cell.  The  second  assumption 
is  equivalent  to  the  assumption  that  the  current  noise  of  the  cell 
is  large  compared  with  the  Johnson  noise  of  the  cell  and  is  thus 
equivalent  to 
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where  is  the  ratio  cf  the  cuiTent  noise  voltage  of  the  cell  to 
the  Johnson  noise  voltage  at  the  fx*equency  fj^.  These  two  condi- 
tions will  almost  always  be  satisfied  in  the  normal  condition  of 
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■easuTMtent  of  the  cell , but  it  does  not  always  follow  that  these 
conditions  will  satisfied  for  any  conteoplated  application  of 
the  cell,  thr-t  la  to  say,  if  one  uses  E<;s<  (11)  or  (12)  backward 
in  order  to  obtain  the  actual  noise  equivalent  signal  S|).  Under 
some  contemplated  coi'xlitions  oi  uas  it  is  necessary  to  confirm  thet 
the  conditions  (13)  and  (14)  are  simultaneously  satisfied. 

These  considerations  naturally  raise  a question  of  just 
how  one  treats  the  seneltivlty  of  the  cell  for  frequencies  which 
do  not  satisfy  (13)  and  (14) • At  first  It  might  seem  as  though 
one  could  apply  one  criterion  to  the  range  of  frequencies  in  which 
the  noise  is  primarily  current  noise  and  another  criterion  to  the 
rcnge  in  which  the  noise  is  primarily  Johnson  noise.  Unfortunately, 
however,  this  is  not  the  case,  since  as  soon  as  the  frequency 
rises  to  the  point  where  current  noise  is  no  longer  the  dominant 
noise,  then  clearly  an  improved  slgnal>to-noise  ratio  will  be  ob- 
tained by  Increailng  the  cell  current.  Accordingly,  for  frequencies 
so  high  that  (14)  is  not  eatiafied.  It  is  neceaearv  to  redetermine 
for  each  freouencv  the  optimum  cell  eiixTent.  On  the  other  hand, 
it  is  fortunately  true  that  the  optimum  cell  current  will  be  in- 
dependent of  the  wavelength  or  temperature  of  the  radiation.  Ac- 
cordingly, it  should  be  possible  to  supplement  the  curve  of  (A) 
as  a function  of  A.  (which  curve  holds  for  frequencies  satisfying 
(13)  and  (14))  by  a supplementary  cujrve  idileh  displays  as  a function 
of  frequency  thf  factor  by  which  ^(A)  "ust  be  increased.  Thuis 
two  separate  curves  should  suffice  for  the  complete  deecriptlon  of 
the  eeneitivlty  of  a photoconduetivs  cell  as  a ftinetion  of  signal 
frequency  and  signal  wavelength  or  temperatvure.  On  the  other  hand, 
the  state  of  the  art  baa  certainly  not  advanced  to  the  point  where 
the  eecood  type  of  curve  ie  easily  measurable. 

There  ie  a detail  relating  to  the  noise  question  which 
may  be  of  some  interest.  Suppose  thet  one  wishes  to  ueo  experi- 
mentally a peeeband  in  the  amplifier  corresponding  to  a frequency 
ratio  of  2.718,  which  paaaband  is  to  have  the  additional  require- 
ment that  the  width  of  the  paeeband  ie  to  be  equal  to  the  signal 
frequency.  In  this  esse  the  upper  and  lower  fj^uenoy  limits  of  the 
amplifier  are  uniquely  defined.  The  lower  liirit  of  the  paeeband 
should  be  0,^81  fg,  and  the  upper  limit  should  be  1,531  fg.  It  is 
easily  confirmed  that  these  two  frequency  limits  eatiefy  the  condi- 
tion that  their  difference  la  fg  and  their  ratio  ia  e. 


Note  Added  December  7 


The  above  mate  rial  is  aubatantially  that  contained  in  s 
letter  to  Profeseor  R.  J.  Cashman  dated  Noveirber  9»  Although  no 
written  reply  has  yet  been  received  from  Dr,  CBebman,  Dr.  Ceshman  in- 
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dicated  ia  e tela; hone  converaetlon  on  Novewher  ?P  that  he  had  com 
pueation  about  the  legitimacy  of  the  aseuicptlon  Involved  in  Fq.  (3) 
above,  namely  the  asaumption  that  the  mean  square  nolee  voltage  per 
unit  ^ndwjdth  is  inversely  proportional  to  the  frequency.  Accordingly, 
tMs  must  be  considered  as  on  open  question  subject  to  further  in- 
vestigation. The  writer  does  have  e rather  strong  prejudice  that 
Eq.  (3)  is  cerrtet.  It  is  well  known  that  the  recently  developed 
transistor  has  a noise  spectniw  *f  the  type  represented  by  Eq.  (3), 
and  Christensen  and  Pearson  ^ find  that  the  noise  spectrum  of  carbon 
sicrophonca  aa  well  as  carbon  resistors  also  has  a spectnio  indicated 
by  Eo.  (3).  The  only  experimental  study  ^ of  photooonduotive  cells 
which  treats  the  noise  apectrum  and  which  is  available  to  the  writer 
indicates  thrt  the  noise  spectrum  between  50  and  500  cycles  is  in 
accord  with  F:q.  (3),  but  that  the  noise  spectrum  falls  off  more 
rapidly  at  higher  fMquencles.  In  tMs  case,  however,  Mr.  L.  G.  Mundie 
Indlcatee  in  a letter  dated  Drcember  2,  "Be  agree  rith  your  obser- 
vation thpt  the  noise  spectrum  curve  in  Plete  6 does  seem  tc  fall  off 
abnormally  fast  above  1000  cps.  This  la  probably  due  to  excessive 
capacity  somewhere  in  the  cethode  follower  circuit.  No  pains  were 
taken  to  remove  this  capacity,  as  no  further  measureoenta  were  made 
at  frequencies  above  90  cps.  Had  we  used  frequency  response  curves 
to  determine  the  time  constants,  this  capacity  would,  of  course,  have 
been  intolerable." 


rej/obb 


^ C.  J.  Christensen  end  G.  L.  Pearson,  Resistance  fluotuationa  in 
carbon  microphones  and  other  granular  rasletanoea,  B.S.T.J.  15, 
197-223  (1936)  (Monograph  B-922). 

O 

L.  G.  Hundla,  E.  K.  Pell,  and  L.  B.  Jones,  An  experimental  study 
of  nineteen  lead  eulflda  photooonducti ve  ceils,  December  9«  1948 
(BOUi  9929). 
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An  Application  of  the  PropoEed  Reference  Condition  C 

R.  Clark  Jones 
Decenber  6,  1949 


In  order  to  illuatrete  the  usefulness  of  the  prcnosnl  con- 
tained In  the  writer's  report  dated  Kovsober  33,  1949,  the  proposel 
will  be  applied  to  the  specific  results  contained  in  the  Naval  Ord- 
nance Laboratory  report  ROLU  9929.*  This  report  c>. ntains  detailed 
Deasurenents  of  the  noise  and  the  responslvlty  of  19  different  lead 
sulfide  cells.  In  the  caee  of  9 of  these  colls,  reasureaents  were 
■ade  with  the  cell  at  room  tcoperature  and  at  dry  Ice  teaperature. 

In  connection  with  this  report,  the  writer  wishes  to  acknowl- 
edge a very  gracious  and  very  helpful  letter  received  froa  I.  G.  Mundle 
dated  Deceaber  ?,  1949,  in  which  a rather  large  noaber  of  detailed 
questions  are  answered  with  reapect  to  the  report  cited.  A nuaber  of 
qiiotatlone  froa  this  letter  are  used  below. 

The  data  actually  used  in  this  report  are  contained  in 
T'-ble  I and  Plntes  7 through  34  of  the  NOL  report.  More  specifically, 
there  is  used  the  noise  equlvelent  power  per  square  centiaetcr  at 
the  wavelength  of  peak  sensitivity  as  given  in  Table  I and  the  cor- 
responding values  for  other  wavelengths  were  obtained  froa  the  curves 
in  Plates  7 through  34.  The  noiae  equlvelent  power  per  square  oenti- 
aeter  for  200^  C black  body  radiation  aa  given  in  Table  I has  also  been 
ueed. 


The  vrlues  of  the  noise  equivalent  flux  stated  in  Table  I 

of  the  MOL  report  aust  be  subjected  to  ainor  oorreotlons  in  order  to 

obtain  the  ras  power  per  unit  area  which  is  equivalent  to  the  ras 

noise.  Let  F«'  be  the  noise  equivalen^  flux  stated  in  Table.I  of 

the  MOL  report.  Then  F ' should  bo  aultlplled  by*'*'  0,45  • 2»/tr  , 

N 


* L.  0.  Hundie,  E.  M.  Pell,  and  L.  N.  Jonea,  "An  experlaental  e'tudy 
of  nineteen  lead  sulfide  pbotooonduoti-ve  oelle,”  Deoeaber  9,  194^< 

0 

««  wQur  200  C heat  signal  consisted  of  a flux  of  13*7  alorowatts  per 
square  oentlaeter  interrupted  in  a square  wave  Banner.  This  figure 
repreeente  the  difference  in  flux  denaitv  received  by  the  oell  froa 
'the  blaok  body  and  'the  (rooa  teapersture)  obopper  blade.  The  raa 
vilue  of  the  fuztdaaental  ooaponent  would  indeed  be  ob'tained  by  multi- 
plying this  poak-to-peak  vslue  by  0,45." 


RESTRICTED 


-2- 


»•<■.■*  L Ai*0'0  Tto*^ 


0>rAHTM»NT 


RESTRICTED 


ar>d  ■oet  further  be  etultlplled  by**  1.128.  Accordingly,  one  has 


- 0.508  . (1) 


The  cell 8 were  measured  at  a frequency  of  90  cpa  and  with  a 
bandwidth**  of  5 cpa.  The  fsctor  (AAog^  therefore  has  the 
▼Bluet 


fAAog^ 


(2) 


Opon  Bubetltutlng  Eqs.  (1)  and  (2)  above  in  Eq.  (9)  of  the 
writer's  Hovember  30  report,  one  finds: 

^ - 2.15A^  Pjj'  . (3) 

The  values  of  for  the  wavelength  of  peak  sensitivity  and  for 
200°  C black  body  radiation  were  computed  from  the  results  in  the  HOL 
Tsble  I and  are  given  in  Table  A of  this  report. 

It  may  be  noted  In  Table  A that  the  noise  equivalent  power 
in  the  reference  condition  C Is  stated  to  be  given  in  watts.  It  nay 
be  argued  that  the  correct  unit  is  not  watt,  but  rather  watt/ow. 

The  writer,  however,  prefers  to  think  of  the  area  A which  appears  in 
Eqs.  (2)  and  (3)  above  not  aa  the  area  in  square  centlnetera,  but  ae 
the  ratio  of  the  area  of  the  actual  detector  to  the  area  of  a detector 
which  has  an  area  of  one  square  centimeter;  from  this  point  of  view 
the  area  A is  thus  dimensionless. 


* "For  the  signal  voltage,  we  used  the  direct  meter  Indication,  and 
for  the  noise  voltage  we  avez^ged  the  indication  of  the  meter.  When 
one  takes  noise  measurements  over  a bandpass  as  narrow  as  la  obtained 
with  this  wave  analyzer,  however.  It  is  seen  that  the  fluctuations  are 
such  a Irrge  fraction  of  the  reading  itself  that  this  averaging  process 
Is  rather  difficult  and  inaccurate.  Te  found,  for  example,  that  one 
observer  might  read  the  noise  as  much  as  20%  higher  than  another  observer 
from  the  seme  meter  fluctuations.  This  inaccuracy  could,  of  course, 
have  been  reduced  by  using  a broader  bandpass,  at  the  cost  of  reducing 
oxir  signal -to-ncics  ratio.  In  any  case  you  are  right  — our  readings 
would  have  to  be  multiplied  by  1,1284  to  give  the.rma  noise." 

*♦  "The  wave  analyzer  used  was  a General  Radio  Model  736A,  not  548A,  as 
reported.  A more  careful  study  of  the  gain  curve  supplied  with  the  In- 
strument seems  to  Indicate  a bandwidth  of  5,2  eps;  thus  as  you  suggest, 

5 ops  Is  a better  figure  than  6 epe," 
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Tb«  noise  e<iulvplent  power  In  the  reference  condition  C !■ 
plotted  ss  s function  of  wavelength  5n  Figs.  1 and  2.  In  these  flgnroo 
the  detectors  are  identified  by  the  plate  mnber  given  in  ooltnm  3 of 
T'hle  A.  The  re suite  for  the  colle  v*ich  were  cooled  to  dry  lee  ten* 
poroture  have  even  numbers  frzvi  IB  to  34;  all  of  the  other  otnrves 
Correspond  to  nec surerer.tc  with  the  call  st  room  temperature.  It 
should  be  noted  in  these  figures  that  the  2)oi8e  equivalent  power 
dccrer.sco  as  the  ordinate  IncreaceB,  Thia  method  of  plotting  has 
V-f»n  •ir  thrt  r*-rv«r  h*vw  their  normal  appear* 

anoe.  The  noise  eqxilvrlent  powers  in  the  reference  condition  C for  the 
200°  C bleolc  body  are  plott  ed  In  Fig.  3. 

At  ft;iy  given  wovei-f.x;f.lh  the  reciprocal  noise  equivalent  power 
In  the  rerer*  nc«  ccndlticn  C x y be  Cuoridered  a®  a flgtire  of  merit 
for  thr  various  Jetcfitora..  Thet  is  tu  tay^  the  higher  a given  detector 
npve'ira  (I'cr  n giv^n  vav^ . c::g *.i.)  Ir;  'igt.  i ena  the  greater  Is  the 
inti  Irsio  meri  t of  t int  det^clc  r ct  thr".  unvei » rfth.  The  ordinates 
in  th.e  figurer-.  lovexer,  ntr<»  t.Trn  relotive  value,  Ds  illustrated 

i.i  ti'«  ue.xt  pTfr. prQjvio. 

Ry  Inverting  I.q.  ' n vhe  wr^tor'a  Mevember  30  report,  one 

fi:  ct: 


iV'*'  » • **> 

Dile  rdatlor.  wil  i « hi'  us«v’  in  the  s Intlun  nf  the  following  staple 
pjoLlem,  Consider  a hjpothet.cal  celJ  '•*. th  an  uraa  of  0,1  cn^  whose 
rolse  equivalent  po»er  in  the  reference  coudlticn  C la  the  same  as 
the  cooled  ARL  cell  oetioted  by  t' o nvuiber  20  in  Fig.  1.  If 

this  cell  ia  chopped  at  fi'O'  c.'^a  i»nd  the  pasabond  of  the  amrllf^er 
hes  s r.oiec  equivalcit  b?.dwJdth  of  ic  ;p:^,  whet  rma-plpnol  to  ras-nolse 
ratio  will  be  obtnlnsd  with  a steady  incident  power  of  1 a wntt  on 
the  rell  ot  u wavel<rgth  cf  ? '' 

The  rais  poT.^r  ircidcut  upon  th.'  (.ell  Jo  therefore  given  by 


ma  p.;»er  • xtwatt. 


(5) 


Frca.  F'  f • ^ » ‘"no  han 
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1C  watt. 


(6) 


The  conditlona  of  the  prebiem  farther  yield: 


f.  - C.l 


(7) 
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UpoB  eubetituting  (6)  and  (7)  in  Eq.  (4),  cne  obtains 

S„(?.4)  - 2.05  X 10"^^  watt.  (B) 

n 

The  solution  of  the  problem  is  now  practically  at  hand. 

One  has  the  following  general  relationship: 


rns  signal  rms  power 


ms  noise  ms  noise  equivalent  power 


(9) 


Since  the  numerator  and  denominator  on  the  right  are  given  mspeotlvely 
by  Eqs.  (5)  end  (6),  one  obtains  in  the  output  of  the  detector  an 
rms-signal  to  roe-noise  ratio  given  by 


me  signal  c 

. 2.2  X 10^  . (10) 

ms  noise 


Acknowledgment 


The  wz*iter  wishes  to  acknowledge  the  aseiatance  of  Mr,  0.  R. 
Runt,  Bureau  of  Ships,  U.  S.  Havy,  Hiss  /'delalde  Sutton  and  Mr. 

George  Ten,  Polaroid  Corporation,  in  the  preparation  of  Pige.  1 and  S, 


roj/obb 


RESTRICTED 


^ U u X C_.t 


jj  - tiqulvfilent 


power  in  reference  con-  ■ nolee  equivalent 

ditlon  C(e,  cm^,  raB)at  power  in  reference  condition 
unufaoturer  Cell  Tern-  Plate  ravel enpth  of  peak  aen-  C(e,  cb^,  fbib)  for  200®  C 
I nd  Cell  No.  perature  altlvity  in  watta  black  body  radlatloo,  in  watts 
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